Development of an electrode cell impedance method to measure osteoblast cell activity in magnesium-conditioned media.
Magnesium (Mg) as a biodegradable metal has potential advantages as an implant material. This paper studies the effect of magnesium ions on osteoblast (U2-OS) behavior since magnesium implants mainly dissolve as divalent magnesium ions (Mg(2+)). A real-time monitoring technique based on electric cell-substrate impedance sensing (ECIS) was used for measuring cell proliferation, migration, adhesion, and cytotoxicity in magnesium-conditioned media. The impedance results show that U2-OS proliferation and adhesion were inhibited in not only a magnesium-free medium but also in a medium with a high concentration of magnesium. The impedance method produced more sensitive results than the output of an MTT assay. Other standard bioanalytical tests were conducted for comparison with the ECIS method. Immunochemistry was carried out to study cell adhesion in magnesium-conditioned media by staining using F-actin and alpha-tubulin and correlated cell density on the electrode with impedance. Bone tissue formation was studied using von Kossa staining and indicated the mineralization level of cells in magnesium-conditioned media decreased with the increase of magnesium ion concentration. Real-time PCR provided gene expression indicators of cell growth, apoptosis, inflammation, and migration. Compared to the bioanalytical methods of immunochemistry and MTT assays, which need preparation time and post-washing step, ECIS was able to measure cell activity in real time without any cell culture modification. In summary, ECIS might be an effective way to study biodegradable magnesium implants.